Abstract. Aiming at the inefficiency and resource-consuming problems of traditional missile health monitoring, a new missile health monitoring system is proposed [1, 2] . The missile health monitoring system uses a wireless sensor network to conduct an AD hoc network, which can upload the missile health data in each packaging box to the big data cloud platform. According to the database information, a fault prediction model can establish, evaluate the missile health and predict the failure. The final results are displayed on the remote terminal equipment. Users can remotely view the missile health data which stores in the warehouse. The test results show that the system has flexible networking, low node power consumption, long service life, stable data transmission, and can adapt to different types of application scenarios, with high scalability and high reliability.
Introduction
Airborne missiles repeatedly experience different mission profiles such as transportation, storage, testing, and combat duty throughout the life cycle. In all mission systems of missiles, the relay of each mission must be tested for the health of the missile. Traditional periodic maintenance and fault repair must be carried out of the box [3] . Unpacking detection will bring security risks, inefficiency, and repeated power-on tests to reduce the reliability of missile electronic equipment, and at the same time cost manpower and material costs [4] . In view of the problem of repeated unpacking detection caused by task switching under the whole life cycle of missiles, a non-opening maintenance strategy based on fault prediction is proposed. The missile-related health parameters in the missile package can predict the missile's health status, accurately predict the missile's potential failure, remaining life, and avoid serious missile failures. The health collection system utilizes wireless sensor network technology to aggregate all health parameters on the big data platform, and establish a fault prediction model according to different storage environments, which can accurately evaluate the health of the missile.
System Framework
The system adopts the design concept of "terminal acquisition + cloud storage". The sensors in the warehouse collect information and aggregate the data to the coordinator node through the wireless sensor network. The node forwards the data to the remote node through the wired network, and relies on the existing network of the entire army is uploaded to the military big data cloud platform [5] . The cloud platform can aggregate all missile health status data, evaluate the health status of the missile, and provide data support for equipment health management, maintenance support management, condition-based maintenance, and intelligent decision-making. The system mainly includes a sensor sensing layer, an information collecting layer, a wireless network layer, an information forwarding layer, a big data cloud platform center, and a data application layer. The system block diagram is shown in figure 1 . It integrates rich functions at the application layer of the system, including remote health monitoring, fault prediction, adaptive adjustment, etc. The application scenarios are very rich and can be applied to missile health monitoring in various storage environments, including snow, plateau and desert, sea level, etc. 
System Hardware Design
The hardware part of the system mainly includes the following aspects: sensor system, wireless transceiver system, data forwarding system and other hardware parts [6] . The overall hardware system structure is shown in Figure 2 . The sensor system includes various types of sensors. The environmental parameters collected by the sensor can reflect the storage environment around the missile and indirectly reflect the health of the missile. The wireless transceiver system can transmits the data collected by each node to the wireless network, and finally, the wireless transmission network can aggregates the information collected by all the sensors of each node on the coordinator node in the warehouse [7] . The data forwarding system forwards the data aggregated at the coordinator node to the big data cloud platform through the existing network of the whole army. The system can be transmitted to the big data platform by using Ethernet. The PC completes the processing of the data, including acquisition display, fault diagnosis, fault model establishment and fault prediction. 
Wireless Transceiver System
There are many transmission protocol standards based on wireless sensor networks, such as WiFi, Bluetooth, Zigbee, etc. By contrast, the Bluetooth transmission distance is shorter, and the WiFi power consumption is higher. Considering the Zigbee transmission protocol standard, Zigbee's maximum transmission distance is between 50m and 300m, and its rate is 250kbps. The power consumption is extremely low, and the maximum number of network nodes can reach 65,000. Taking into account various factors such as power consumption, peripherals, storage, etc, we choose NXP's JN5168 chip. The JN5618 chip embeds a high-performance and low-power 32-bit RISC CPU with up to 32MHz clock, 256KB of Flash and 32KB of RAM, supports multiple network protocol stacks, and integrates IEEE802.15.4-compatible 2.4GHz RF transceivers. The receiving current is about 14mA, its power consumption is very low during sleep, the current is only 120nA under deep sleep, and it has abundant peripheral interface resources such as 1 channel I2C, 1 channel SPI, 2 channel serial port, 4-channel 10 bit ADC. The chip is equipped with a rich protocol stack, which has the characteristics of simple development, many networking nodes and wide application fields. 
Sensor System Design
The section headings are in boldface capital and lowercase letters. Second level headings are typed as part of the succeeding paragraph (like the subsection heading of this paragraph). For the sensor selection of the missile health monitoring system, the system mainly focuses on the selected sensors to reflect the health of the missile. The failure mechanism of electronic components of missile health includes structural failure, thermal failure, electrical failure, corrosion failure, etc. So the main environmental parameters monitored include temperature, humidity, air pressure, vibration and so on [7, 8] .
If the temperature is too high, the internal metal parts of the missile will accelerate aging. When the temperature is too low, the rubber parts inside the missile will become brittle and the strength will decrease. If the temperature changes drastically, the missile warhead will be exposed and damp, and the internal transistors of the missile will be easily damaged. If the humidity is too small, the leather parts inside the missile will become brittle and fractured. The evaporation of water in the gunpowder will increase the burning rate. If the humidity is too large, the internal metal parts of the missile will be rusted, and the leather of the packaging box will be rotted and decayed. The rubber part has a reduced plasticity and strength. When there is a problem with the airtightness of the package, if there is a vacuum inside, when the air enters, the air pressure increases; if the inside is filled with nitrogen, when the air enters, the air pressure decreases. Frequent vibrations can loosen the internal gyro seeker and fasteners of the missile, and are not conducive to the stability of the missile's charge performance.
Therefore, the following types of sensors are used in the system: clock chip, temperature sensor, humidity sensor, vibration sensor, air pressure sensor, etc. The chip selection is shown in Table 1 . 
Data Forwarding System
The data forwarding system completes the forwarding of the wireless network coordinator node to the remote PC. The sensor values collected by the collection nodes inside all the packages are finally aggregated on the coordinator node, and the coordinator nodes are forwarded to the remote PC through the Ethernet module. The data forwarding module uses the more mature W5500 chip solution on the market. The chip solution uses interrupted transmission. As long as the coordinator node receives the data of the underlying acquisition node, it will trigger the W5500 interrupt and transmit data through the Ethernet. The data forwarding system unit hardware is shown in the figure. 
System Software Design
The system software design includes wireless transmission related application software design and remote terminal's upper computer interface display software design. The remote terminal focuses on the fault prediction model. The fault prediction model can judge the current missile health status based on the database historical information of the original node.
Fault Prediction Model
The fault prediction model mainly includes the following aspects. First, the data collected in each package is inputted into the historical database. The database evaluates the health status of the missile based on the original data. If there is a fault, the missile is unpacked and detected. The results after the unpacking detection are fed back to the database. The specific fault prediction model is shown in Figure 5 . Fault diagnosis includes feature symptom extraction, inferential diagnosis, and update of the knowledge base [9] . Figure 5 . The fault prediction structure.
Wireless Transmission Application Layer
The wireless transmission application layer mainly implements the specific implementation of the Zigbee protocol, including the following aspects, sensor data acquisition, wireless sensor network Zigbee data transmission and reception, and data forwarding. This article uses the JenNet-IP protocol stack provided by NXP to develop, which has a wide application field and can greatly save the development cycle. The Zigbee protocol stack includes the physical layer, the media layer, the network layer and the application layer. The protocol stack mechanism adopted by the three types of nodes is the same. Only the application layer development and design is required on the basis of the protocol stack. The application layer development design is as follows. Figure 6 . The diagram of the wireless network formation process.
Host Computer Interface Design
The data collected by the coordinator is sent to the PC through the Ethernet. The PC parses the collected result, restores the collected digital data to the corresponding sensor measurement value, and compares it with the normal result. If the test result is abnormal, then the corresponding warning signal is given and displayed in real time. The main task completed by the host computer is to display the results collected by each sensor. The design of the host computer is shown in the figure below. The upper computer interface can display the connection with the underlying coordinator, and can set the threshold of each acquisition parameter, and can display and make a simple judgment when receiving the data. The host computer also has the function of viewing historical data, and can view the historical collection data of all nodes. 
System Test
In order to verify the missile health monitoring system designed in this paper, the prototype is developed according to the design idea of this paper. The coordinator node and terminal acquisition node are designed, as shown in the following figure. This system test mainly tests the following parts: 1. Network test of wireless network; 2. Sleeping and wake-up test of terminal node; 3. Transmission test in the package. The main test environment is tested in the missile packaging box of different materials. The wireless collection terminal node is placed inside the packaging box, and the wireless collection coordinator node is placed outside the packaging box, and the packaging box is sealed to test the transmission characteristics of the nodes in the packaging box. The test plan and test results are shown in the figure below [10] . Figure 9 . The block diagram of prototype test. 
Conclusion
This paper describes in detail the relevant theoretical knowledge and application background of missile health monitoring. Based on the existing missile monitoring and maintenance strategy, this paper proposes a new maintenance strategy based on condition-based maintenance, and designs a new strategy based on this strategy. A new missile health monitoring system. The system has the characteristics of remote real-time monitoring of missile health status, fault prediction, and adaptive adjustment of multiple application scenarios. It can save manpower and material cost of missile detection, establish a health management database for each missile, and track the entire life cycle of the missile. Rich interface and strong scalability. This paper first proposes the overall system framework design, and then introduces the hardware-related design of the health monitoring system from the hardware system, including Zigbee main control chip selection, sensor selection, data forwarding and so on. Then the software design of the system is described from the software aspect, focusing on the design related to fault prediction. Finally, the system was initially tested, including networking test, sleep and wake-up test, and actual storage environment test. The missile health monitoring system can be applied to the missile packaging box of most materials, and can accurately collects the environmental parameters related to missile health. The fault prediction model can accurately give the missile health status and predicts the fault.
